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(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely evaluate the 
surface quality form and improve the production efficiency 
by measuring the displacement vertical to a test table 
surface of a semiconductor substrate surface at specified 
horizontal intervals, and taking the value obtained by 
dividing the difference between the measured displacement 
and the displacement measured just before by the 
measuring interval as a differential value to perform a 
calculation. 

SOLUTION: An optical surface form measuring device 1 is 
formed of a test table 2, a laser oscillator 3, an automatic I 1 % 

focusing mechanism 4, a displacement gauge 5 and a I Tf 

personal computer 6. Of the displacement data successively } 
inputted from the displacement gauge 5 f the value of the 
difference between the 1+1 -th displacement data (Yi+1) and 
the displacement data just before (Yi) divided by a 
measuring interval (1/100-1/10 of the substrate diameter) 
is determined as a first differential value (dyi). Of the first 
differential value (dyi), the value of the difference between 

the 1+1 -th displacement data and the i-th displacement data just before divided by the measuring 
internal is determined as the second differential value (d2yi), the reference deviation (s) is 
determined, and this value is taken as smoothness. 
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* NOTICES * 

iTPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] A displacement measurement means to measure the variation rate of a perpendicular direction 
at the predetermined spacing horizontally to the test board front face of the semi-conductor substrate 
front face laid in the test board, Sequential calculation of the value which **(ed) the difference with the 
variation rate which carried out the sequential input of the variation rate measured by said displacement 
measurement means, and was measured just before the variation rate of measured 1 and the variation 
rate concerned of 1 by said predetermined time between measurements is carried out once as a 
differential value. Subsequently After carrying out sequential calculation of the value which **(ed) the 
difference with the 1-time differential value computed just before the 1-time differential value of 
computed 1, and the 1-time differential value concerned of 1 by said predetermined time between 
measurements as a differential value twice, The surface type-like metering device of the semi-conductor 
substrate characterized by having a smoothness calculation means to compute the standard deviation of a 
differential value as smoothness twice [ said ]. 

[Claim 2] Said predetermined time between measurements is the surface type-like metering device of 
the semi-conductor substrate according to claim 1 characterized by being the magnitude of 1 / 100 - 1/10 
of the diameter of said semi-conductor substrate. 

[Claim 3] The variation rate of a perpendicular direction is horizontally measured by predetermined time 
between measurements to the test board front face of the semi-conductor substrate front face laid in the 
test board. Subsequently The value which **(ed) the difference of the variation rate of measured 1 and 
the variation rate measured just before the variation rate concerned of 1 by said predetermined time 
between measurements is computed once as a differential value. Subsequently After computing the 
value which **(ed) the difference with the 1-time differential value computed just before the 1-time 
differential value of computed 1, and the 1-time differential value concerned of 1 by said predetermined 
time between measurements as a differential value twice, the standard deviation of a differential value is 
computed as smoothness twice [ said ]. Subsequently The surface type-like judging approach of the 
semi-conductor substrate characterized by comparing said smoothness with the distinction value 
prepared beforehand, and performing a predetermined judgment. 

[Claim 4] Said predetermined time between measurements is the surface type-like judging approach of 
the semi-conductor substrate according to claim 3 characterized by being the magnitude of 1 / 100 - 1/10 
of the diameter of said semi-conductor substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface type-like judging approach of the surface 
type-like metering device of the semi-conductor substrate represented by the silicon wafer, and a semi- 
conductor substrate. 
[0002] 

[Description of the Prior Art] Conventionally, the silicon wafer used as a semi-conductor base ingredient 
is cut down by carrying out slicing of the silicon single crystal ingot by the inner circumference cutting 
edge or the wire saw. In recent years, high integration of the semiconductor device by fast advance of a 
semiconductor device technique is remarkable, and severer [ the quality demand to a silicon wafer etc. ] 
with this advance. As one of the important quality characteristics required of this silicon wafer, there is a 
problem of the shape of surface type of a silicon wafer. When high integration of a semiconductor 
device invites contraction-ization of a device dimension, for example, few waves etc. are in a silicon 
wafer, it is because an error arises to a device pattern in a photolithography process etc. 
[0003] By the way, although there are various parameters, such as a diameter, thickness, parallelism, 
display flatness, camber, a wave, and surface roughness, even if it tells the configuration quality of a 
silicon wafer to a mouthful, what has big effect on the yield at the time of device manufacture in these is 
macroscopic roughness, such as display flatness, camber, and a wave, and microscopic roughness called 
surface roughness. Conventionally, as the evaluation approach of this macroscopic roughness, the bow 
shown in drawin g 4 is known, for example. 

[0004] The bow is a value which supports the silicon wafer 100 in a reference point, measures the 
distance from datum level to the midplane of the silicon wafer 100, subsequently turns the silicon wafer 
100 over, measures distance similarly, and is defined by (a-b)/2. 

[0005] Moreover, Rms (root-mean-squareroughness) as which microscopic roughness is defined for 
example, by the degree type is known. 
[Equation V\ 

/ 1 n 

j — i=i 

Here n: The number of point of measurement, Zi : The distance from the average surface level of the i-th 
point of measurement is shown. Surface type-like quality of a silicon wafer was conventionally 
evaluated using such an evaluation parameter. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in the wrapping process following a slicing 
process, as shown in drawin g 5 , the silicon wafer 100 is put on the lap surface plate 101 ,101 each other 
kept parallel, and the concavo-convex layer which the front rear face of the silicon wafer 100 is deleted 
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in this condition, and serves as microscopic roughness is removed. Although it can be made to stick to 
the up-and-down surface plate 101,101 when there is curvature as macroscopic roughness as shown in 
drawin g 5 (a) at this time When there is in-between roughness between microscopic roughness and 
macroscopic roughness as shown in drawing 5 (b) The clearance 1 02 was generated between the lap 
surface plate 101,101 and the silicon wafer 100, the silicon wafer 100 could not break by the pressing 
force from [ of the time of wrapping ] the upper and lower sides, or it could not finish taking in 
wrapping, and there was a trouble that the yield fell. Especially the wire saw had the large effect by wear 
of a slurry etc. compared with the inner circumference cutting edge, and it was difficult for it for the 
variation in such in-between roughness to tend to happen, and to maintain the quality more than fixed 
level. 

[0007] However, such in-between roughness was measured conventionally, and the attempt which it is 
going to evaluate quantitatively was not made but has performed the judgment by human being f s organic 
functions chiefly about such in-between roughness. 

[0008] This invention is made in view of the above-mentioned situation, and aims at offering the surface 
type- like judging approach of the surface type-like metering device of the semi-conductor substrate 
which the surface type-like quality of a semi-conductor substrate is evaluated more exactly, and can 
raise the productive efficiency after degree process, and a semi-conductor substrate. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
according to claim 1 A displacement measurement means to measure the variation rate of a 
perpendicular direction at the predetermined spacing horizontally in the surface type-like metering 
device of a semi-conductor substrate to the test board front face of the semi-conductor substrate front 
face laid in the test board, Sequential calculation of the value which **(ed) the difference with the 
variation rate which carried out the sequential input of the variation rate measured by said displacement 
measurement means, and was measured just before the variation rate of measured 1 and the variation 
rate concerned of 1 by said predetermined time between measurements is carried out once as a 
differential value. Subsequently After carrying out sequential calculation of the value which **(ed) the 
difference with the 1-time differential value computed just before the 1-time differential value of 
computed 1, and the 1-time differential value concerned of 1 by said predetermined time between 
measurements as a differential value twice, It is characterized by having a smoothness calculation means 
to compute said computed standard deviation of a 2 times differential value as smoothness. 
[0010] According to this invention according to claim 1, smoothness is computed, when the variation 
rate measured at the predetermined spacing by the displacement measurement means computes the 
standard deviation of a differential value twice [ this ] while sequential calculation of a differential value 
and the 2 times differential value is carried out once by the smoothness calculation means. Therefore, 
the in-between roughness between microscopic roughness like the conventional surface roughness and 
macroscopic roughness like curvature or a wave can be evaluated quantitatively, and it can judge 
certainly on fixed criteria compared with the case where human being has judged such in-between 
roughness sensuously. Namely, it is the parameter which smoothness considered the arbitrary area of the 
front face of a semi-conductor substrate to be a curved surface, and showed the variation in the absolute 
value of the rate of change of the inclination of a curved surface. By being usable as a parameter by 
which the middle roughness of macroscopic roughness and microscopic roughness is evaluated, and 
adding this smoothness as surface type-like evaluation Evaluation more positive than surface type-like 
evaluation of the semi-conductor substrate only by conventional surface roughness and conventional 
curvature can be carried out, and improvement in a yield after degree process can be aimed at. 
Moreover, the timing of a cutting-edge substitute of slicing can also be easily grasped by are recording 
of these data, and surface type-like management can be ensured even when the variation in process 
tolerance is a large wire saw. Moreover, since the value differentiated twice is used, the effect of 
disturbance, such as change of the shape of surface type with big frequencies, such as curvature, can be 
erased. 

[001 1] Here, a variation rate is defined by the distance of the perpendicular direction from a test board 
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front face to the front face of a semi-conductor substrate. The measuring method of this variation rate is 
not especially limited, although an optical thing is used in principle since the measuring range of this 
invention is wide, and a value may swing past the maximum in the case of a sensing-pin type. 
[0012] Invention according to claim 2 is characterized by said predetermined time between 
measurements being the magnitude of 1 / 100 - 1/10 of the diameter of said semi-conductor substrate in 
the surface type-like metering device of a semi-conductor substrate according to claim 1 . 
[0013] According to this invention according to claim 2, since time between measurements is made into 
the range of 1 / 100 - 1/10, proper measurement can be performed and it becomes possible to obtain 
certainly the effect of the invention shown in claim 1 . Here, time between measurements is determined 
by the magnitude of a semi-conductor substrate, and 2mm - about 40mm is the proper range as an actual 
value. 

[0014] Invention according to claim 3 measures the variation rate of a perpendicular direction by 
predetermined time between measurements horizontally in the surface type-like judging approach of a 
semi-conductor substrate to the test board front face of the semi-conductor substrate front face laid in the 
test board. Subsequently The value which **(ed) the difference of the variation rate of measured 1 and 
the variation rate measured just before the variation rate concerned of 1 by said predetermined time 
between measurements is computed once as a differential value. Subsequently After computing the 
value which **(ed) the difference with the 1-time differential value computed just before the 1-time 
differential value of computed 1, and the 1-time differential value concerned of 1 by said predetermined 
time between measurements as a differential value twice, the standard deviation of a differential value is 
computed as smoothness twice [ said ]. Subsequently It is characterized by comparing said smoothness 
with the distinction value prepared beforehand, and performing a predetermined judgment. 
[0015] According to this invention according to claim 3, the variation rate of a perpendicular direction is 
horizontally measured by predetermined time between measurements to the test board front face of the 
semi-conductor substrate front face laid in the test board. Subsequently The value which **(ed) the 
difference of the variation rate of measured 1 and the variation rate measured just before the variation 
rate concerned of 1 by predetermined time between measurements is computed once as a differential 
value. Subsequently After the value which **(ed) the difference with the 1-time differential value 
computed just before the 1-time differential value of computed 1 and the 1-time differential value 
concerned of 1 by said predetermined time between measurements is computed twice as a differential 
value, the standard deviation of a differential value is computed twice as smoothness. Subsequently 
Smoothness is compared with the distinction value prepared beforehand, and a predetermined judgment 
is performed. Therefore, the in-between roughness between microscopic roughness like the conventional 
surface roughness and macroscopic roughness like curvature or a wave can be evaluated quantitatively, 
and while being able to judge certainly on fixed criteria compared with the case where human being has 
judged such in-between roughness sensuously, the timing of a cutting-edge substitute of slicing can also 
be easily grasped by are recording of these data. That is, smoothness is the parameter which considered 
the arbitrary area of the front face of a semi-conductor substrate to be a curved surface, and showed the 
variation in the absolute value of the rate of change of the inclination of a curved surface, is usable as a 
parameter by which the middle roughness of macroscopic roughness and microscopic roughness is 
evaluated, by using this smoothness, rather than surface type-like evaluation of the conventional semi- 
conductor substrate, can carry out more positive evaluation and can aim at improvement in a yield after 
degree process. 

[0016] Invention according to claim 4 is characterized by said predetermined time between 

measurements being the magnitude of 1 / 100 - 1/10 of the diameter of said semi-conductor substrate in 

the surface type-like judging approach of a semi-conductor substrate according to claim 3. 

[0017] According to this invention according to claim 4, since time between measurements is made into 

the range of 1 / 100 - 1/10, proper measurement can be performed and it becomes possible to obtain 

certainly the effect of the invention shown in claim 3. 

[0018] 

[Embodiment of the Invention] The gestalt of operation of the surface type-like judging approach of the 
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semi-conductor substrate which used hereafter the surface type-like metering device and this equipment 
of the semi-conductor substrate applied to this invention with reference to drawing is explained to a 
detail. Drawing J. is the block diagram having shown the important section configuration of the surface 
type-like metering device of the semi-conductor substrate concerning this invention. The surface type- 
like metering device 1 shown in drawing J, is an optical thing, and as it is constituted by the personal 
computer 6 etc. and indicated in drawin g 2 as the test board 2, the laser oscillation machine 3, the 
automatic- focusing device 4, and a displacement gage 5, it measures optically gap (y) of the distance 
from the reference point proofread beforehand as a variation rate. 

[0019] Said test board 2 is a base which carries the silicon wafer 10 which is a non-measuring object 
object. Said laser oscillation machine 3 is equipment which makes laser light irradiate the front face of 
the silicon wafer 1 0 laid in said test board 2 at the predetermined spacing, and HeNe laser etc. is used for 
it as a laser light, for example. It can have a CCD (Charge Coupled Device) camera (illustration 
abbreviation), an automatic-focusing circuit (illustration abbreviation), etc., and said automatic-focusing 
device 4 can double now automatically the focus of the reflected image from the silicon wafer 10 of the 
laser light irradiated with said laser oscillation vessel 2. According to said automatic-focusing device 4, 
said displacement gage 5 measures the variation rate from the reference point when doubling a focus as 
a variation rate, and inputs it into said personal computer 6. 

[0020] Said personal computer 6 is equipped with CPU (Central Processing Unit)61, RAM (Randum 
Access Memory)62, ROM (Read Only Memory)63, etc. And said personal computer 6 inputs the 
displacement data outputted from said displacement gage 4, and computes the smoothness which is in- 
between roughness by CPU61 by making RAM62 into a working area from said displacement data 
which read the predetermined analyzer built in ROM63, and were inputted. This smoothness is a 
parameter by which the middle roughness of the microscopic roughness of the front face of the silicon 
wafer 10 as shown in drawing 5 , and macroscopic roughness, such as camber, is evaluated, considers 
the arbitrary area of the front face of said silicon wafer 10 to be a curved surface, and is defined with the 
standard deviation value of the absolute value of the rate of change of the inclination of a curved 
surface. 

[0021] Specifically, smoothness s is computed by the (1) type - (3) type. 
[Equation 2] 

. dy i+ i- dy: 

d V i= -r^ 11 — — L (2) 

dx i+1 _ dx J 



/in? 22 

[0022] namely, the variation rate by which a sequential input is carried out from said displacement gage 
5 as shown in drawing 2 — the i+lst variation rates among data — data (yi+l) and this yi+l the i-th last 
variation rate — the value which **(ed) the difference with data (yi) by said predetermined time between 
measurements (xi+l-xi) is calculated once as a differential value (dyi). Next, the i+lst 1-time 
differential values (dyi+1) among said 1-time differential values (dyi) by which sequential calculation 
was carried out and this dyi+1 The value which **(ed) the difference with the i-th last displacement data 
(dyi) by said predetermined time between measurements (xi+l-xi) is calculated twice as a differential 
value (d2yi). And it asks for the standard deviation (s) of a differential value (d2yi) twice [ this ], and 
this value is made into smoothness s. 

[0023] Said computed smoothness s is beforehand measured with the set-up decision value, and when 
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the value of smoothness s is larger than a decision value, it is judged as a defect. Here, the value which 
differentiated change of a variation rate twice is used as smoothness s for erasing the effect of 
disturbance, such as change of the shape of surface type with big frequencies, such as curvature. Here, 
the predetermined time between measurements (xi) which measures displacement data (yi) is determined 
by the magnitude of a semi-conductor substrate, and it is desirable that it is the magnitude of 1 / 100 - 
1/10 of the diameter of a semi-conductor substrate, if the reason will serve as a component of granularity 
if time between measurements is taken too much narrowly, and it is made large too much on the 
contrary — surging (camber) — it is because it expresses. Moreover, it is because the period as which the 
irregularity of the shape of surface type of the wafer which cut the wire saw is expressed serves as the 
above-mentioned range on an old experience (when sharpness is bad). Specifically, 2mm - about 40mm 
is the proper range. 

[0024] Next, the surface type-like evaluation using the smoothness s actually computed with the surface 
type-like metering device 1 which gave [ above-mentioned ] explanation is explained. Drawing 3 is the 
graph having shown the surface type-like profile of the value of the smoothness s at the time of a 
predetermined lot, and the cutting plane at this time. The smoothness s shown in drawin g 3 measures the 
variation rate of the front face of said silicon wafer 10 at intervals of 5mm in the cutting direction of the 
silicon wafer 10 cut down from the silicon single crystal ingot (illustration abbreviation) using the wire 
saw (illustration abbreviation). Subsequently, using this variation rate, the 1-time differential value by 
the aforementioned (1) formula was computed, and the 2 times differential value by the aforementioned 
(2) formula was computed using the differential value once [ this ], and subsequently, subsequently the 
standard deviation of a differential value was computed twice [ this ], and it asked. 
[0025] And in the case of batch number #1, the surface type-like profile of the silicon wafer 10 at this 
time is [ in / drawing 3 ] smooth [ smoothness s is about about 1 .0 and ] as it is shown in drawin g 3 . 
Furthermore, in the case of batch number #2 which performed slicing by the same wire saw, as 
smoothness s is about about 3.0 and the surface type-like profile of the silicon wafer 10 at this time is 
shown in drawin g 3 , some irregularity is seen compared with the surface type-like profile of batch 
number #1, but as the shape of surface type, it is in tolerance. Then, in the case of batch number #3 
which performed slicing by the same wire saw further, smoothness s is about about 6.0, and as the 
surface type-like profile of the silicon wafer 10 at this time was shown in drawin g 3 , the in-between 
roughness with a period longer than it other than fine irregularity (microscopic roughness) was seen. 
This condition is the level which may break at the time of wrapping. And in this phase, the cutting-edge 
substitute of a wire saw was carried out, in the case of batch number #4 immediately after a cutting-edge 
substitute of a wire saw, again, smoothness s became about about 1 .0 and the surface profile also 
became smooth. 

[0026] According to the surface type-like metering device 1 concerning this invention explained above, 
smoothness s is computed, when the variation rate measured using laser light computes the standard 
deviation of a differential value twice [ this ] while sequential calculation of a differential value and the 
2 times differential value is carried out once with a personal computer 6. Therefore, the in-between 
roughness between microscopic roughness like the conventional variation rate and macroscopic 
roughness like curvature or a wave can be evaluated quantitatively, and it can judge certainly on fixed 
criteria compared with the case where human being has judged such in-between roughness sensuously. 
Moreover, rather than surface type-like evaluation of the conventional semi-conductor substrate, more 
positive evaluation can be carried out and improvement in a yield after degree process can also be aimed 
at. Moreover, the timing of a cutting-edge substitute of slicing can also be easily grasped by are 
recording of these data, and surface type-like management can be ensured even when the variation in 
process tolerance is a large wire saw. Moreover, this smoothness is utilizable also as a parameter for the 
analysis of various experimental data. 

[0027] In addition, in case the shape of surface type of a silicon wafer is evaluated, surface type-like 
evaluation of a more perfect silicon wafer can be performed by combining with other evaluation 
parameters called others, surface roughness, and a wave. [ smoothness / this ] 
[0028] 
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[Effect of the Invention] If the effectiveness of the typical thing of this invention is explained, the 
variation rate measured at the predetermined spacing by the displacement measurement means With a 
smoothness calculation means, while sequential calculation of a differential value and the 2 times 
differential value is carried out once Microscopic roughness like the variation rate of the former 
[ compute / by computing the standard deviation of a differential value twice / this / smoothness ], The 
in-between roughness between macroscopic roughness like curvature or a wave can be evaluated 
quantitatively, and it can judge certainly on fixed criteria compared with the case where human being 
has judged such in-between roughness sensuously. That is, smoothness is the parameter which 
considered the arbitrary area of the front face of a semi-conductor substrate to be a curved surface, and 
showed the variation in the absolute value of the rate of change of the inclination of a curved surface, is 
usable as a parameter by which the middle roughness of macroscopic roughness and microscopic 
roughness is evaluated, by using this smoothness, rather than surface type-like evaluation of the 
conventional semi-conductor substrate, can carry out more positive evaluation and can aim at 
improvement in a yield after degree process. Moreover, the timing of a cutting-edge substitute of slicing 
can also be easily grasped by are recording of these data, and surface type-like management can be 
ensured even when the variation in process tolerance is a large wire saw. Moreover, since the value 
differentiated twice is used, the effect of disturbance, such as change of the shape of surface type with 
big frequencies, such as curvature, can be erased. 



[Translation done.] 
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